Abstract. Several studies suggest that the peroxisome proliferator-activated receptor gamma (PPARγ) is involved in atherogenesis. The Pro12Ala polymorphism in the gene encoding PPARγ (PPARγ2gene) influences the risk for type 2 diabetes. Two populationbased studies have shown that the Ala allele is associated with reduced carotid intimal-medial thickness (IMT). However, studies focusing on acute clinical events have yielded conflicting results. Our aim was to evaluate the role of the Pro12Ala PPARγ2 polymorphism on the risk of coronary artery disease (CAD) in an Italian population with a case-controlled genetic association study in which 478 CAD patients and 218 controls were genotyped for the Pro12Ala polymorphism. CAD was diagnosed by angiography. We found that homozygotes for the Ala12 allele had a significantly reduced risk of CAD after adjusting for diabetes, sex, age, body mass index (BMI), smoking, lipids and hypertension (OR = 0.007; 95% C.I. = 0.00-0.32 p < 0.011). In this case-control study, homozygosity for the Ala allele at codon 12 of the PPARγ2 gene resulted in reduced risk of CAD. This is consistent with reports from previous studies focusing on atherosclerosis and myocardial infarction.
Introduction
Peroxisome proliferator-activated receptor gamma (PPARγ) is a ligand-activated transcription factor ex-pressed in endothelial cells, vascular smooth muscle cells, monocytes/macrophages, and T-cells [1] . It is thought to be the master regulator of fat storage. Experimental work suggests that PPARγ also acts directly on local vasculature during several critical phases of atherothrombosis, which suggests that it may be an important determinant of gene expression during atherogenesis [2] . The role of PPARγ in atherogenesis has been widely investigated with the aid of glitazones and other PPARγ activators [1] . These agents have been shown to inhibit the growth, proliferation [4] , and migration of vascular smooth muscle cell, and they also appear to exert anti-inflammatory and potentially antiatherogenic effects on monocytes and macrophages [5, 6] . PPARγ also regulates macrophage lipid homeostasis [6] . In clinical trials, treatment with PPARγ activators was found to attenuate intimal and medial complex thickening [7, 8] and narrowing of the coronary lumen [9] . Collectively, these findings provide a strong biological rationale for the hypothesis that susceptibility to atherosclerosis and cardiovascular disease can be influenced by variations in the PPARγ2 gene.
The Pro12Ala polymorphism has in fact been linked to a reduced risk of type 2 diabetes (T2D) [10] and to enhanced insulin sensitivity [11] . The alanine substitution at residue 12 decreases PPARγ2's binding affinity for the cognate promoter element, thereby diminishing its ability to transactivate responsive promoters [12] . This leads to increased leptin expression with upregulated fatty acid combustion and decreased lipogenesis, which ultimately reduce the cell's triglyceride content [13] .
Two population-based studies have previously explored the influence of the PPARγ2 Pro12Ala polymorphism on atherosclerosis by quantifying carotid intimamedia thickness (IMT). In a study of the Canadian OjiCree aboriginal peoples, the presence of the Ala12 allele was associated with reduced IMT [14] . A German study on subjects at risk for diabetes obtained similar results [15] although they reported that only homozygotes for the Ala12 allele had significantly reduced IMT.
In a large longitudinal study, Ridker and co-workers [16] found that Ala12 carriers were protected against myocardial infarction (MI), consistent with the decreased IMT results mentioned above. However, two studies which focused on different cardiovascular clinical end-points have reported results at variance to these findings. The study by Blüher and co-workers [17] found that diabetic carriers of the Ala12 allele were not at reduced coronary heart disease (CHD) risk, as established by a history of MI, coronary bypass operations or significant stenosis of at least one coronary artery. More recently, Pischon and co-workers [18] found that Ala12 carriers were not at reduced risk of fatal CHD or nonfatal MI, but that, among overweight subjects, Ala12 carriers were actually at increased risk. This indicated the possibility of high BMI and presence of T2D constituting risk factors sufficiently strong for overcoming the risk effect of the Pro12 Ala polymorphism on CHD.
Association of the PPARγ2 Pro12Ala polymorphism with T2D disease risk has been consistently replicated [10] , building a strong argument for involvement of this variation with this disease [19] . Association of the polymorphism with coronary events has not been so consistently replicated, perhaps due to disease complexity and heterogeneity among cases. In this study we focused upon sub-clinical disease, comparing patients with angiographic evidence for coronary atherosclerosis to healthy controls to evaluate the risk of atherosclerosis with PPARγ2 Pro12Ala genotypes.
Methods
The protocol for this case-control study was reviewed and preapproved by the Ethics Committee of University of Rome, Italy. Written informed consent to all procedures and to publication of the results of the study was obtained from all participants. Unless otherwise specified, all commercial products mentioned below were used according to manufacturers' instructions.
Study cohorts
A total number of 696 Caucasian subject were consecutively recruited in the Centre-West Coast of Italy, most from Rome and its surrounding towns. The case cohort consisted of 478 patients (380 men and 98 women, aged 36 to 83 years) with coronary artery disease (CAD) defined as documented evidence of a previous myocardial infarction (MI) -see below -or coronary catheterization findings of stenosis of 50% or more in at least one major coronary artery together with clinical symptoms of angina. Myocardial infarction was defined as the presence of typical electrocardiographic changes and elevation in the levels of at least two enzymes and confirmed by the presence of wall motion abnormalities on left ventriculography. The control cohort consisted of 218 healthy unrelated individuals (48 men and 170 women, aged 35 to 70 years) with neither CAD (reflected by responses to the Rose questionnaire and ECG findings [Minnesota coding]), nor T2D (no current or past use of oral hypoglycemic drugs/insulin) plus a normal fasting blood glucose level (i.e., > 126 mg/dl or 7.0 mmol/L).
Using a standard questionnaire, researchers interviewed each participant to obtain a complete medical history, including detailed information on smoking habits, comorbidities, and current medications. Body mass index (BMI), blood pressure, fasting glucose, to- tal and HDL cholesterol, and triglyceride levels were measured in all subjects at baseline. Participants were classified as having hypertension if they presented elevated systolic (> 140 mmHg) and/or diastolic (> 90 mmHg) blood pressure and/or were currently using anti-hypertensive medication. Dyslipidemia was defined as a total plasma cholesterol level 200 mg/dL and/or current use of cholesterol-lowering medication.
Laboratory methods
Plasma levels of cholesterol and triglycerides were measured with a Technicon RA-1000 Autoanalyzer. HDL cholesterol was measured after precipitation of apoB-containing lipoproteins with photungstic acidMgCl 2 , and the LDL cholesterol level was estimated with the Friedewald formula [11] . Blood glucose levels were measured with the glucose oxidase method (Autoanalyzer, Beckman Coulter, Inc., Fullerton, CA, USA).
Genotyping
PPARγ2 Pro12Ala genotypes were generated with a multi-locus, PCR-based assay with immobilized, sequence-specific oligonucleotide probes, as described elsewhere [20] with minor modifications. Genotyping was performed under blinded conditions, and the results were reviewed with in-house image analysis software developed by Roche Molecular Systems.
Statistical methods
A logistic regression analysis was conducted with CAD as the outcome variable and the PPAR γ 2 Pro12Ala genotype as the independent variable. The latter was coded 0/1 for the recessive model (0 = ProPro, Pro-Ala, 1 = Ala-Ala) or 0/1/2 for the additive model (depending on the number of Ala allele copies found). Age, sex, fasting glucose, triglycerides, total and HDL cholesterol levels, BMI, hypertension, and smoking habitus were included as covariates. Controls were compared with the total case cohort as well as with subgroups of the latter defined by MI or T2D status. All analyses were conducted with S-Plus 6.1 software (Insightful Corp.) Differences between the genotype distributions in cases and controls were compared with those expected under Hardy Weinberg Equilibrium. Differences were assessed with the Pearson chi-squared test, and no significant deviations were observed.
Results
The clinical characteristics according to disease status are shown in Table 1 . The case cohort displayed a lower proportion of females and a significantly higher mean age than the control cohort, but all analyses were adjusted for these and other potentially confounding factors. The allele and genotype frequencies among controls were comparable to those reported among Caucasians in other studies [14] . As shown in Table 2 , A1a12 heterozygosity had no significant effect on the risk of CAD, but Ala-Ala homozygotes had significantly lower risks than Pro12 carriers. This difference was also significant when controls were compared with the subgroup of CAD cases with no history of MI. No significant association between the PPARγ2 genotype and CAD was observed when patients were divided into T2D and non-T2D groups, although the value of the odds ratio was similar to that obtained for the entire set for both T2D-affected and T2D-unaffected subsets. When MI and T2D status were included in the model, an OR of 0.015 (95% CI = 0.00-0.81, p < 0.04) was obtained, indicating that its protective effect is not dependent on the T2D or MI status of the CAD cases.
Discussion
Our results demonstrate that PPARγ2Ala12 homozygotes have a significantly lower risk for CAD, independent of T2D status. These findings are consistent with previous reports indicating that the Ala12 allele protects against MI [16] and atherosclerosis [14, 15] . As reported by Temelkova-Kuktshiev et al. [15] , the decreased risk of atherosclerosis was observed only in Ala12 homozygotes, not among Pro-Ala heterozygotes. Two previous studies failed to identify any association between PPARγ2Ala12 and atherosclerosis [17, 18] , but both the cases and controls in these studies had significant risk factors (either T2D or obesity) that may have rendered the risk associated with the Pro12 Ala polymorphism less discernable.
Although PPARγ2 Pro12Ala has been widely reported to affect risk of T2D [10] [11] [12] , PPARγ2 allele and genotype frequencies were not significantly different in T2D+ CAD patients vs. controls or in CAD patients with vs. without T2D. In fact, the highest Ala allele frequency was -surprisingly -found in the subset of CAD patients who also had T2D (8.9% compared to the 8.2% in the controls and 7.3% in non-diabetic CAD patients). Although this is counterintuitive, we note that the T2D CAD subgroup was also the smallest and that the limited sample size may explain this finding. In addition, the current sample sizes were not large enough to detect modest differences in allele frequencies (< 2% in the present study) as statistically significant, and an odds ratio of 2.0 (or 0.5 depending on the direction of the association) is required to achieve p < 0.05 for 80%. The protective effect of Ala12 on CAD reported here does not seem to be mediated by the well-established association of Ala12 with T2D.
There are some limitations to the present study. First, the cases and controls were not matched for age and sex. However, these two factors are unlikely to influence distribution of the PPARγ2 genotype and therefore have been included as covariates in the logistic regression analysis. In addition, the number of Ala-Ala homozygotes in this study was not large. Nonetheless, the results reported here are consistent with those found in two previous studies of IMT (14) (15) , suggesting that our conclusions are unlikely to be the result of a spurious protective association.
The data regarding the genetic association of this polymorphism with cardiovascular phenotypes, however, appear to conflict with some previously published clinical data using PPARγ activator compounds. The PPARγ2 alanine allele encodes a protein with reduced activity [12] , yet clinical data indicate that activators of PPARγ, like thiazolidinediones (TZD), reduce IMT and other CHD risk factors.
A similar contradiction is seen with regard to lipid metabolism and insulin sensitivity:
Yamauchi et al. [13] reported that supraphysiological TZD-activation of PPARγ increased the triglyceride content of white adipose tissue and decreased that of the liver and muscle tissue. The result was increased insulin sensitivity. In contrast, moderate reduction of PPARγ activity decreased the triglyceride content of white adipose tissue, skeletal muscle, and liver tissue by upregulating leptin expression. In this case, too, insulin sensitivity was enhanced by leptin-induced increases in fatty-acid combustion and decreases in lipogenesis. The authors concluded that upregulation and downregulation of PPARγ activity improve insulin resistance, albeit by different mechanisms. A similar explanation might account for the paradoxically similar effects on atheroscelrosis PPARγ agonists and the PPARγ2 Pro12Ala variant on risk of atherosclerosis. Functional experiments are needed to address this issue.
In summary, we report a significant association with reduced risk of CAD in carriers of the Ala12Ala genotype, providing further evidence on the role of the PPARγ gene in insulin-resistance and atherosclerosis.
